A 64-year-old manwas referred to our hospital for evaluation of progressive anemia. On admission, he had a severe normocytic normochromic anemia [hemoglobin 7.5 g/dl] requiring a blood transfusion. Endocrinological studies demonstrated an isolated ACTHdeficiency. After receiving glucocorticoid replacement therapy, his anemia was rapidly corrected, his hematocrit and hemoglobin remained elevated for approximately 4 months. Wepresent evidence that glucocorticoid plays an important role in the physiological regulation of humanerythropoiesis. (Internal Medicine 35: 898-901, 1996) 
Introduction
It has been well documented that hypophysectomy or adrenalectomy in experimental animals causes a mild anemia responsive to hormonal replacement therapy (1) (2) (3) (4) (5) (6) . Corticosteroid deficiency in humans, such as Addison's disease and isolated adrenocorticotropic hormone (ACTH)deficiency, is known to cause a similar mild normocytic normochromic anemia (7) .
Although isolated ACTHdeficiency has been frequently discussed, a case with severe anemia requiring blood transfusion has not been reported previously and the etiology of the anemia associated with glucocorticoid deficiency remains unclear. We report a patient with isolated ACTHdeficiency and progressive severe anemia requiring blood transfusion who improved dramatically with glucocorticoid replacement therapy.
Case Report
A 64-year-old man, who had been a hard-working farmer, began to develop general malaise and anorexia approximately 1 yearprior to admission. Subsequently, he gradually lost 10 kg of weight and his mental activity decreased. He developed anemia which gradually worsened, leading to hypotension, identified a local clinic. He was eventually referred to our hospital for evaluation of progressive anemia on July 24, 1995. On admission, he was 155 cm in height and weighed 41 kg. His blood pressure was 82/48 mmHg,pulse rate, 64/min and regular, and body temperature, 36.4°C. His conjunctivae were pale, and examination of the chest and abdomenwas normal. No abnormal skin pigmentation was present. Axillary and pubic hair were preserved, and no edema was noted. Neurologic examination was unremarkable.
Hematological tests showed a severe normocytic normochromic anemia (Table 1) . The liver and renal function tests were also within normal limits. The etiology of the patient's progressive anemia remained unclear. However, since the patient had symptomsof malaise and palpitations at that time, a blood transfusion of 400 ml was administered. Shortly after admission, the patient became lethargic due to hyponatremia. Serum Na, K, and Cl concentrations were 1 1 1 mEq//, 4.9 mEq//, and 79 mEq//, respectively. The patient developed nausea and vomiting and an intermittent fever that was resistant to various antibiotics.
An investigation of the patient's endocrine system was performed ( Table 2 ). The basal plasma cortisol concentration was undetectable. The plasma ACTHconcentration was also undetectable at baseline and throughout the corticotropin releasing factor stimulation test and the insulin tolerance test.
Twenty-four-hour urinary determinations of 1 7-OHCSand 1 7-KSrevealed low concentrations. The rapid ACTH stimulation test demonstrated a poor adrenal response, and the continuous laise, anorexia, nausea, and intermittent fever. His body weight increased gradually, and the hyponatremia did not recur. The severe anemia also improved gradually. Finally, his hematocrit and hemoglobin concentration approached the normal range for about 4 months (Fig. 1) . During this treatment, we tried to reduce the dose of hydrocortisone. However, as he showed the previous symptomsrecurrently, with 25 mg/day, weresumed the dose. Weconfirmed that daily urinary secretion of cortisol was within the normal range at a dose of50 mg/day. The patient was discharged 3 months later and is able to perform his typical daily activities, although he still receives glucocorticoid replacement therapy.
Discussion
Isolated ACTHdeficiency is a rare cause of secondary adrenocortical insufficiency. The meanage at time of diagnosis is usually between the fourth and sixth decades (8) . The principle signs and symptoms associated with isolated ACTHdeficiency are variable, non-specific and similar to those seen in adrenocortical insufficiency due to other causes (8) . The present patient showed the typical symptomsof isolated ACTHdeficiency, such as general malaise, gastrointestinal symptoms, the loss of mental activity, and hypotension (8, 9) . However, other endocrinological disorders such as thyroid dysfunction or hypoglycemia, which frequently occur in association with this disease, were not found. This patient also had a severe progressive anemia. An investigation of the anemia failed to reveal evidence of a commonhematologic disorder, but the anemia was corrected soon after the administration of hydrocortisone. Therefore, the anemia seems to be due to the cortisol deficiency.
A cortisol deficiency, such as Addison's disease, often causes a mild anemia. A review of the 305 cases of isolated ACTH deficiency reported in Japan has revealed that the average hemoglobin concentration was 1 1.0 (±1.8) g/dl (10) . A few cases that showed severe anemia in isolated ACTHdeficiency have been reported previously ( 1 1-14) . However, there are very few reported cases whose anemia was the major abnormal manifestation and it was rapidly corrected with glucocorticoid replacement. The precise reason that this patient had such severe anemia is unclear. It may be due to his decreased general metabolism following the prolonged bedridden life, or anorexia for cortisol deficiency.
Cortisol has been reported to have a stimulatory effect on erythropoiesis in the normal rat as well as in the hypophysectomized and adrenalectomized rat (15, 16 inhibit hemopoiesis ( 1 6) . Barr has reported that the stimulation of erythropoiesis is influenced by a population of mature T lymphocytes (19) , and Bagby et al have reported that prednisolone enhances hemopoiesis by inhibiting the suppressor T lymphocytes ( 16) . Recently, studies of molecular hematology are investigating the effect of the stroma cell and the cytokine network on the regulation of hemopoiesis in the bone marrow. There has been little direct evidence that an adequate dose of glucocorticoid exerts a stimulatory effect on erythropoiesis. In the present case, we used a high dose ofglucocorticoid, and we may have recognized not only the essential action in the living body but also the pharmacological effect. This report demonstrates the erythropoietic activity of glucocorticoid administration in a patient with isolated ACTHdeficiency. Therefore, an adequate glucocorticoid concentration maybe a necessary component of normal erythropoiesis.
